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Introduction {#sec1-1}
============

Parkinson's disease (PD), one of the most common central nervous system diseases, is currently the second most common major neurodegenerative disease, affecting more than 1% of the global population over 50 years old (Schapira and Jenner, 2011). The major pathogenesis of PD is a functional decrease, or death, of the dopaminergic neurons in the substantia nigra pars compacta and ventral tegmental area (Bjorklund and Dunnett, 2007; Gerfen and Surmeier, 2011; Shi and Chen, 2017). To date, L-dihydroxyphenylalanine (L-Dopa) is an optimal available treatment. However, the therapeutic effect of L-Dopa decreases after 4--5 years, and some patients also suffer from side-effects such as dyskinesia (Dauer and Przedborski, 2003). Therefore, it is critical to focus on the identification of novel methods or compounds to prevent the death of dopaminergic neurons and retard the progression of PD.

Multiple genetic and environmental factors contribute to the development of PD, including the gene encoding for cyclin G-associated kinase/diacylglycerol kinase theta region, human transmembrane protein 175, and fibroblast growth factor 20 (FGF20) (Pankratz et al., 2009; Jing et al., 2015). FGF20 is a member of the fibroblast growth factors which form a highly conserved polypeptide family (Dono, 2003). FGF20 regulates the development and function of the central nervous system and enhances the survival of dopaminergic neurons in the midbrain (Resnick et al., 1998; Ohmachi et al., 2000; Dauer, 2007). Although previous studies have revealed the possible associations between PD and the single nucleotide polymorphisms in the *FGF20* gene (van der Walt et al., 2004; Sharma et al., 2012; Wang et al., 2017), further studies are required to determine FGF20 effects in animal models. Accordingly, in this study, we chose to assess the effects of FGF20 and assessed in a mouse model of PD.

Potassium (K^+^) channels are the major ion channels in controlling neuronal electrical activities and intracellular signal pathways. In dopaminergic neurons of the substantia nigra, voltage-gated A-type K^+^ current is one of the most important inhibitory signals and mediates intracellular calcium oscillation, and thus regulates the functions of dopaminergic neurons (Jerng and Pfaffinger, 2014; Zamponi et al., 2015; Duda et al., 2016). Conversely, this A-type K^+^ current, mostly mediated by Kv4.3 channels, also regulates neuronal survival, death, and apoptosis (Mathie et al., 1998; Wang et al., 2008b). A reduction of intracellular K^+^ concentration by the over-activation of A-type K^+^ channels may trigger the apoptosis of dopaminergic neurons (Shieh et al., 2000). In this study, we also tested and verified this hypothesis through the experiments.

The neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a commonly used neurotoxin to establish animal models which mimic symptoms of PD. MPTP can impair the axons and synapses of substantia nigra dopaminergic neurons in the dorsal striatum, prefrontal cortex and ventral hippocampus (Zhu et al., 2011; Lee et al., 2013). Thus, in this MPTP-lesioned PD model, besides voluntary movement and goal-directed behavior, damage and injuries also occur to emotions, motivation, cognition, and memory (D'Ardenne et al., 2012; Pignatelli and Bonci, 2015). Besides studies on movement control and motor learning, experiments were performed to assess the effects of FGF20 on these non-motor symptoms of PD.

Materials and Methods {#sec1-2}
=====================

Experimental animals {#sec2-1}
--------------------

Specific-pathogen-free male 10-week-old C57BL/6 mice (*n* = 50), weighing 20--25 g, were purchased from the Animal Center of Shanghai Laboratory, Chinese Academy of Sciences, China (license number: SCXK (Hu) 2017-0031). Mice were maintained in air-conditioned rooms at 20--25°C. Mice were housed in plastic cages and allowed free access to water and food. All experiments conformed to the Institutional Committee of Laboratory Animals. All animal procedures were approved by the Animal Care and Use Committee of Qilu Hospital of Shandong University, China in 2017 (approval No. KYLL-2017-0012). Efforts were made to minimize the number of animals used and their suffering, in accordance with ethical guidelines. The 50 mice were equally and randomly divided into five groups. Among them, 40 mice were used to establish PD models.

PD model establishment and intervention {#sec2-2}
---------------------------------------

To induce PD, C57BL/6 mice were administered with MPTP (Sigma, St. Louis, MO, USA) at an acute dose of 60 mg/kg by intraperitoneal injection (Castro-Hernández et al., 2017). At 28 days post-MPTP administration, FGF20 (GeneCopoeia, Rockville, MD, USA) was applied by the intraventricular injection. Mice were mounted in a stereotaxic apparatus (RWD Life Science, Shenzhen, China), with a guide cannula (22GA; Plastics One, Torrington, CT, USA) planted into the lateral cerebral ventricle (anteroposterior 0.3 mm, mediolateral 1.3 mm, dorsal posterior 4.0 mm). Intracerebroventricular injection of FGF20 was performed through a soft plastic catheter and this guide cannula. The injection volume was designed at 3 μL. The groups of FGF20 in low (10 ng) and high dose (100 ng) were all controlled in the above injection volume. L-Dopa (Sigma) was also administered by intraperitoneal injection in 4 mg/kg.

Preparation of brain slices {#sec2-3}
---------------------------

At 28 days after modeling, mice were sacrificed by cervical dislocation, and the brains were quickly removed into ice-cold cutting solution, containing sucrose 215 mM, KCl 2.5 mM, D-glucose 20 mM, NaHCO~3~ 26 mM, NaH~2~PO~4~ 1.6 mM, CaCl~2~ 1 mM, MgCl~2~ 4 mM, and MgSO~4~ 4 mM, adjusted to pH at 7.4 and osmolarity at 340 mOsm, and oxygenated with 95% O~2~ and 5% CO~2~. Coronal 350 μm slices were obtained by a vibrating blade microtome (VT-1200S; Leica, Nussloch, Germany). Slices were then removed into artificial cerebrospinal fluid, supplemented with NaCl 119 mM, KCl 2.3 mM, NaHCO~3~ 26.2 mM, D-glucose 11 mM, CaCl~2~ 2.5 mM, NaHPO~4~ 1 mM, and MgSO~4~ 1.3 mM, adjusted to pH 7.3 and osmolarity of 320 mOsm, and oxygenated with 95% O~2~ and 5% CO~2~, and then incubated for at least 30 minutes at 33°C. When recording, the slice was transferred into a recording chamber and perfused with oxygenated recording solution at a rate of 5 mL/minute at 20--25°C for the electrophysiological recordings.

Electrophysiological recording {#sec2-4}
------------------------------

Whole-cell patch clamp recordings were performed in voltage clamp and held in −70 mV. Neurons in the hippocampus and substantia nigra were identified by infrared differential interference contrast video using an upright microscope (Nikon, Tokyo, Japan). Patch pipettes (2--5 MΩ) were pulled from borosilicate glass with a puller machine (P-97, Sutter Instruments, Novato, CA, USA). The pipettes were filled with the following internal solution: K-gluconate 125 mM, KCl 15 mM, EGTA 0.2 mM, HEPES 10 mM, Na~2~-phosphocreatine 10 mM, Mg-ATP 2 mM, Na~2~-GTP 0.3 mM, pH 7.2 and 290 mOsm. When recording A-type potassium currents, 1 μM tetrodotoxin was added to the perfusion solution to block the activities of sodium channels. When recording field excitatory postsynaptic potentials and long-term potentiation, a stimulation pipette was set on the area of a Schaffer collateral. Electrical signals were digitized and sampled at a frequency of 5 kHz with Digidata 1440A and a Multiclamp 700B patch-clamp amplifier (Molecular Devices, San Jose, CA, USA). Responses were recorded and analyzed with Clampfit 10.0 software (Molecular Devices).

Western blot assay {#sec2-5}
------------------

Since the Kv4.2 protein was located on the cell membrane (Wulff et al., 2009), protein samples from the substantia nigra were prepared using a membrane protein extraction kit (BioVision, Milpitas, CA, USA) and the concentration was measured using a bicinchoninic acid protein assay kit (Thermo Fisher Scientific, Shanghai, China). After overnight incubation with the primary antibodies, including rabbit anti-Kv4.2 polyclonal antibody (1:2000; GeneTex, Irvine, CA, USA) and rabbit anti-β-actin polyclonal antibody (1:2000; GeneTex) overnight at 4°C, the polyvinylidene fluoride membranes were then incubated with horseradish peroxidase-conjugated anti-rabbit secondary antibody (1:10,000; Santa Cruz, Dallas, TX, USA) for 2 hours at 20--25°C. Chemiluminescent signals were generated using a SuperSignal west femto maximum sensitivity substrate kit (Thermo Fisher Scientific) and detected using a FluorChem E system (ProteinSimple, San Jose, CA, USA).

Malondialdehyde measurement {#sec2-6}
---------------------------

At 28 days after modeling, blood samples were taken from the tails of mice. Serum samples were then separated from the clotted blood by centrifugation. The malondialdehyde levels were detected using the malondialdehyde enzyme-linked immunosorbent assay testing kit (Sigma) at 532 nm maximum light absorbance (Moridi et al., 2015; Haghdoost-Yazdi et al., 2017).

Rotarod test {#sec2-7}
------------

At 28 days after modeling, the rotarod test (Haghdoost-Yazdi et al., 2017) was performed to evaluate the coordination of movement, which is an associated symptom of PD. This test was performed for 3 consecutive days and in 2 trials every day. Each trial was recorded for 2 minutes, during which the rotating rod underwent a linear acceleration from 5−40 r/min. The rotarod data were expressed as the passing area under the curve.

Statistical analysis {#sec2-8}
--------------------

Data are expressed as the mean ± SD and were analyzed using one-way analysis of variance followed by a Tukey *post hoc* test with GraphPad Prism 4 (GraphPad Software, Inc., La Jolla, CA, USA). A value of *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

FGF20 reduces A-type potassium currents after MPTP lesion {#sec2-9}
---------------------------------------------------------

First, a ladder holding potential from −70 mV to 40 mV was used to induce the potassium currents, with a step of 10 mV. Dopaminergic neurons in the substantia nigra were recorded with a whole cell patch clamp. Only the transient section of potassium current, A-type current (*I*~A~), was used for the analysis (**[Figure 1A](#F1){ref-type="fig"}**). The application of FGF20 was in two different doses (10 and 100 ng). Application of a high dose of FGF20 and L-Dopa showed powerful effects (**[Figure 1B](#F1){ref-type="fig"}**). The maximal *I*~A~ currents were 52% less after 100 ng FGF20 injection, and 61% less after L-Dopa injection (**[Figure 1C](#F1){ref-type="fig"}**). However, a low dose of FGF20 showed 18% less *I*~A~ current, but this decrease was not statistically significant. These results indicate that FGF20 might function to reduce the *I*~A~ current, which was previously known to be increased in PD.

![Effects of FGF20 on A-type potassium current (*I*~A~) at different doses detected by electrophysiological recordings.\
(A) Typical *I*~A~ traces in the MPTP model groups and three groups treated with different doses of FGF20 and L-Dopa. (B) Statistical comparison of current-voltage curves from −70 mV to 40 mV in different groups. (C) Quantitative results of the maximal *I*~A~ currents, recorded at the membrane potential of 40 mV. MPTP: Intraperitoneal injection of 60 mg/kg MPTP; FGF20 10 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection 10 ng FGF20; FGF20 100 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection 100 ng FGF20; L-Dopa 4 mg/kg: intraperitoneal injection of 60 mg/kg MPTP + intraperitoneal injection of 4 mg/kg L-Dopa. Data are expressed as the mean ± SD. \*\*\**P* \< 0.001, *vs*. MPTP group (one-way analysis of variance followed by a Tukey *post hoc* test). MPTP: 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; FGF20: fibroblast growth factor 20; L-Dopa: L-dihydroxyphenylalanine.](NRR-14-1438-g002){#F1}

FGF20 enhances hippocampal long-term potentiation after MPTP lesion {#sec2-10}
-------------------------------------------------------------------

To investigate the effect of FGF20 on synaptic plasticity and related learning skills, hippocampal long-term potentiation was selected for our study. High-frequency stimulation of the Schaffer collateral pathway was used to induce long-term potentiation, and the field excitatory postsynaptic potential was recorded in CA1 (**[Figure 2A](#F2){ref-type="fig"}**). The results showed that a high dose of FGF20 enhanced the suppressed long-term potentiation after MPTP lesion, with an effect similar to L-Dopa (**Figure [2B](#F2){ref-type="fig"}**, **[D](#F2){ref-type="fig"}**, and **[E](#F2){ref-type="fig"}**). FGF20 at 100 ng increased long-term potentiation 63% compared to the effect of L-Dopa (long-term potentiation value, MPTP: 118%; FGF20 high: 148%; L-Dopa: 166%). However, a low dose of FGF20 showed less effect and did not alter the long-term potentiation curve when compared with the MPTP group (**Figure [2B](#F2){ref-type="fig"}** and **[C](#F2){ref-type="fig"}**).

![Electrophysiological experiments using high-frequency stimulation-induced LTP to study the effects of FGF20 in the hippocampus detected by electrophysiological recording.\
(A) Representative traces from field excitatory postsynaptic potential before (gray) and after (black) the high frequency stimulation. (B) Quantitative results of LTP. Data are expressed as the mean ± SD (one-way analysis of variance followed by a Tukey *post-hoc* test). \*\**P* \< 0.01, \*\*\**P* \< 0.001, *vs*. MPTP group. (C--E) High-frequency stimulation-induced LTP in the MPTP group, *vs*. the other three treatment groups. MPTP: Intraperitoneal injection of 60 mg/kg MPTP; FGF20 10 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 10 ng FGF20; FGF20 100 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection 100 ng FGF20; L-Dopa 4 mg/kg: intraperitoneal injection of 60 mg/kg MPTP + intraperitoneal injection 4 mg/kg L-Dopa. MPTP: 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; FGF20: fibroblast growth factor 20; L-Dopa: L-dihydroxyphenylalanine; LTP: long-term potentiation.](NRR-14-1438-g003){#F2}

FGF20 reduces Kv4.2 expression after MPTP lesion {#sec2-11}
------------------------------------------------

The above experiments were performed on brain slices, as *ex vivo* research. Next, a western blot assay was performed to assess the protein expression in vivo. The brain area of the substantia nigra was divided for the assessment. Kv4.2, as the major subtype mediating the A-type current, was selected. As shown in **[Figure 3A](#F3){ref-type="fig"}**, MPTP lesion increased Kv4.2 expression, whereas FGF20 (100 ng) and L-Dopa reversed this effect. A dose of FGF20 had a much greater effect (42% reduction) when compared with L-Dopa (13% reduction; **[Figure 3B](#F3){ref-type="fig"}**). These results indicate that in an MPTP lesion model, up-regulation of Kv4.2 was accompanied by electrophysiological changes of *I*~A~ currents, whereas high doses of FGF20 and L-Dopa reversed the above changes.

![Effects of FGF20 on the expression of Kv4.2 protein at 28 days after MPTP lesion detected by western blot assay.\
Both the original band (A) and statistical analysis (B) show an increased expression of Kv4.2 after MPTP lesion (\*\*\**P* \< 0.001, *vs*. control group) and a reversed down-regulation of Kv4.2 after FGF20 or L-Dopa treatment (\#*P* \< 0.05, \#\#*P* \< 0.01, *vs*. the MPTP group \[one-way analysis of variance followed by a Tukey *post hoc* test\]). Data are expressed as the mean ± SD. Control: Normal mice; MPTP: intraperitoneal injection of 60 mg/kg MPTP; FGF20 10 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 10 ng FGF20; FGF20 100 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 100 ng FGF20; L-Dopa 4 mg/kg: intraperitoneal injection of 60 mg/kg MPTP + intraperitoneal injection of 4 mg/kg L-Dopa. MPTP: 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; FGF20: fibroblast growth factor 20; L-Dopa: L-dihydroxyphenylalanine.](NRR-14-1438-g004){#F3}

FGF20 reduces serum malondialdehyde concentrations after MPTP lesion {#sec2-12}
--------------------------------------------------------------------

Malondialdehyde is the end product of lipoperoxidation and serves as a common biomarker of cellular oxidative stress (Gasparovic et al., 2013). The malondialdehyde levels in the serum of mice from different experimental groups were assessed. As indicated in **[Figure 4](#F4){ref-type="fig"}**, after MPTP lesion, malondialdehyde concentrations were increased by 81%, but application with FGF20 and L-Dopa restored this increase.

![MDA levels in the serum samples of mice with MPTP lesions after FGF 20 intervention detected by enzyme-linked immunosorbent assay.\
Data are expressed as the mean ± SD. \*\*\**P* \< 0.001, *vs*. the control group; \#*P* \< 0.05, \#\#*P* \< 0.01, \#\#\#*P* \< 0.001, *vs*. the MPTP group (one-way analysis of variance followed by a Tukey *post hoc* test). Control: Normal mice; MPTP: intraperitoneal injection of 60 mg/kg MPTP; FGF20 10 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 10 ng FGF20; FGF20 100 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 100 ng FGF20; L-Dopa 4 mg/kg: intraperitoneal injection of 60 mg/kg MPTP + intraperitoneal injection of 4 mg/kg L-Dopa. MPTP: 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; FGF20: fibroblast growth factor 20; L-Dopa: L-dihydroxyphenylalanine; MDA: malondialdehyde.](NRR-14-1438-g005){#F4}

FGF20 improves motor performance after MPTP lesion {#sec2-13}
--------------------------------------------------

As shown in **[Figure 5](#F5){ref-type="fig"}**, the motor performance of healthy mice was improved in trials 4 to 6. Additionally, both a high dose of FGF20 and L-Dopa improved the motor performance of the MPTP-treated mice, but the motor performance patterns in the low FGF20 group remained similar to those of the MPTP group.

![Effect of FGF20 on motor performance of mice after MPTP lesion detected by the rotarod test.\
Motor performance of the mice in different groups in a rotating rod test for three consecutive days in six trials. High dose of FGF20 and L-Dopa partly recovered the learning skill of motor performance. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001, *vs*. MPTP group (one-way analysis of variance followed by a Tukey *post hoc* test). Data are expressed as the mean ± SD. R1−R6: Sections of the test; R1: the first section; R6: the last section. Control: Normal mice; MPTP: intraperitoneal injection of 60 mg/kg MPTP; FGF20 10 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 10 ng FGF20; FGF20 100 ng: intraperitoneal injection of 60 mg/kg MPTP + intraventricular injection of 100 ng FGF20; L-Dopa 4 mg/kg: intraperitoneal injection of 60 mg/kg MPTP + intraperitoneal injection of 4 mg/kg L-Dopa. MPTP: 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; FGF20: fibroblast growth factor 20; L-Dopa: L-dihydroxyphenylalanine.](NRR-14-1438-g006){#F5}

Discussion {#sec1-4}
==========

In this study, some evidence was provided to show the effects of FGF20 in alleviating symptoms in a mouse model of PD. FGF20 suppressed A-type K^+^ currents through the down-regulation of Kv4.2, enhanced long-term potentiation activities, and thus improved movement control and motor tasks. Previously, FGF20 has been reported to promote the survival of dopaminergic neurons in the substantia nigra, and therefore partly influence the occurrence and development of PD (Ohmachi et al., 2000; Murase and McKay, 2006; Sleeman et al., 2012; Duda et al., 2016). Our experimental results supported these findings and preliminarily revealed the ion channel-related mechanism underlying these effects of FGF20.

FGF20 is a member of the polypeptide fibroblast growth factor family, which extensively influences the development and function of the central nervous system (Guo et al., 2017; Sampaio et al., 2017). FGF20 is required for the efficient differentiation of dopaminergic neurons in the adult brain (Grothe et al., 2004). Generally, FGF20 is selectively expressed in calbindin-negative dopaminergic neurons, which are preferentially lost in PD. Thus, supplementation of FGF20 may help restore the homeostasis of the dopaminergic system in the early stages of PD. However, some other studies suggest that FGF20 loss is not a major risk factor for sporadic PD, and there was no association between FGF20 gene variability and PD risk (Clarimon et al., 2005; Wider et al., 2009). Therefore, the role of FGF20 in PD occurrence and aggravation remains unclear at the moment. Apart from FGF20, glial-derived neurotrophic factor, another important growth factor, can promote the maintenance and survival of substantia nigra dopaminergic neurons, through the inhibition of A-type current and the stimulation of pacemaker frequency (Yang et al., 2001; d'Anglemont de Tassigny et al., 2015; Kramer and Liss, 2015).

A-type K^+^ currents and delayed rectifier K^+^ currents are enhanced during the apoptotic process of PD in dopaminergic neurons and cortical section neurons (Wang et al., 2008a). It has been suggested that Kv4-blockers infused *in vivo* reduced PD symptoms in mice (Aidi-Knani et al., 2015). Moreover, tetraethylammonium and 4-aminopyridine, two potent K^+^ channel inhibitors, also improved the behavioral symptoms of 6-hydroxydopamine-induced Parkinsonism (Haghdoost-Yazdi et al., 2017). However, the mechanisms underlying the relationship between the inhibition of A-type currents and improvement of PD symptoms remain elusive. One possible mechanism is *via* the activation of voltage-gated calcium channels. The calcium influx through voltage-gated calcium channels strengthens both synaptic and neuromuscular transmissions (Hayes, 2004; Franciosi et al., 2006). Another mechanism is *via* the activation of N-methyl-D-aspartate and non-N-methyl-D-aspartate glutamate receptors (McBride et al., 2006). In our study, the inhibition of A-type K^+^ currents was associated with the downregulation of Kv4.2. However, it has been shown that Kv4.3 was the major K^+^ channel in the substantia nigra functionally related to PD (Liss et al., 2001). Thus, we still cannot completely confirm this result. More studies are needed to elucidate the roles of Kv4.2 and Kv4.3 in the pathogenesis of PD.

Dopaminergic synapses from the ventral tegmental area and substantia nigra to the hippocampus regulate the excitability of CA1 pyramidal neurons. Dopaminergic lesions could enhance GABA inhibition and thus suppress long-term potentiation activities (Borgkvist et al., 2015; Rosen et al., 2015; Singh et al., 2017). Moreover, hippocampal long-term potentiation can be blocked in the presence of a dopamine receptor 1 antagonist or dopamine receptor 1 knock-out mice (Muthane et al., 1994; Bach et al., 1999). In this study, FGF20 potentiated the long-term potentiation activities after MPTP lesion, indicating that FGF20 may decrease the loss of memory and learning in PD. However, it is unclear whether this effect of FGF20 is direct on the dopaminergic system or hippocampal CA1 neurons. Some studies indicated that long-term potentiation enhancement occurred after MPTP lesion, particularly in the ventral hippocampus rather than the dorsal portion (Zhu et al., 2012). Overall, although the suppression of long-term potentiation is not directly associated with PD, we posit that the modulation of long-term potentiation is still an important parameter in the assessment of FGF20. As a common biomarker of cellular oxidative stress (Haghdoost-Yazdi et al., 2017), malondialdehyde might be another indirect, but important index. We found that FGF20 reduced the serum concentration of malondialdehyde, indicating that some of the antiparkinsonian effects of FGF20 partly resulted from the inhibition of oxidative stress. Additionally, we also observed that treatment with a high dose of FGF20 remarkably improved the motor performance of the MPTP mice, further indicating the potential antiparkinsonian effects of FGF20.

However, we acknowledged some limitations remain in this study. For example, the therapeutic role of FGF20 in PD must be evaluated using *in vitro* experiments using human clinical samples. The progression of PD is a multifactorial process. Therefore, other molecular mechanisms underlying the anti-PD role of FGF20 should be further explored.

In summary, FGF20 suppresses A-type K^+^ currents, inhibits Kv4.2 expression and improves motor performance in an MPTP-induced mouse model of PD. Our findings may provide evidence of a novel cellular mechanism involved in the potential antiparkinsonian effects of FGF20.
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